A metallic binary-groove gratings, which can be exploited to absorb light at C-band and sense materials with refractive index (1.0 -1.2), is proposed and investigated numerically. Both ultra-high absorption (99.937%) and sensitivity (1600 nm/RIU) are achieved.
Introduction
The surface plasmon polaritons (SPPs), which is an evanescent wave propagating along metal-insulator interface with extremely confined mode area, can be effectively excited by an applied electromagnetic wave. Recently, a great many of the SPPs-based devices have been extensively designed for applications in nanophotonic circuits, optical communication, solar cells and bio-sensors, etc. The structure for SPPs exciting has been a hot topic in last few decades. Among the investigations, periodic metallic gratings are considered as one of the common structures for transferring the energy of incident wave to SPPs. Much related work has been done to investigate effective index, propagation length and energy absorption [1] [2] [3] . However, the present results mainly focus on theoretical features rather than practical applications.
In this paper, a structure of periodic binary grooves is proposed. Due to the coupling of the modes in two grooves, complete absorption peak of an incident wavelength at C-band (1550 nm here) is realized by silver-based structure. The required wavelength can be manipulated by varying optical properties of the structure and materials (silver, gold, aluminum). In addition, the sensing cha-Optics and Photonics Journal racteristic is also calculated about the proposed structure. We use commercial software COMSOL Multiphysics 5.2.
Model Structure
The resonant absorption behavior is strongly depending on geometric parameters, including width and depth of grooves and spacing distance [4] [5] . The two grooves separated from each other with spacing a have and w 2 in width, d 1 and d 2 in depth, respectively. Considering designing a perfect absorber, we set the thickness of Ag as 800 nm that is enough for blocking light transmission. Notice that, the whole structure is considered to be infinite in z-axis and solved by finite element method (FEM) in our simulation. We use metal silver first because of its low optical loss and excellent plasmonic behavior. The electric permittivity of Ag is given by the following (1) Drude model,
where ω is the angular frequency, p ω 9.1eV = is the plasma frequency,
is a corrective constant that accounts for the background electron screening at high frequency, and γ 0.018eV = is the electron scattering frequency. Except for the C-band absorber at 1550 nm, another application of the proposed structure is sensing refractive index of material under detecting. As is shown in Figure 3(a) , five resonant peaks are presented with refractive index changing from 1.0 to 1.2 (an increment of 0.05). Notice that, the materials are filled in the whole region except metal. After calculation, the sensitivity about 1600 nm/RIU is achieved.
Simulation Results
As it depicts in Figure 3 (b), with the refractive index changed from 1.1 to 1.2, the peak has a red shift from about 1550 nm to 1870 nm. The metallic binarygroove structure has a favored linear characteristic. The full wave at half maximum (FWHM) of the peaks are getting wider with the increasing refractive index which can be seen in Figure 3 
Analysis and Applications
The study on the optical properties of the absorber is investigated. The reflectance dip varied with different w which means the best absorber can be fixed at a value of 1111. The depths of two grooves have effect on the interaction which finally influence the absorption rate at a certain wavelength, such as 1550 nm.
Besides, the absorber should work over a wide range of incident angle for practical application. The absorption property of our plasmonic absorber with the same geometric parameters as Figure 3 in terms of the indent angle ranging from 0˚ to 40˚ for TM polarization was investigated by utilizing FEM, and the corresponding absorption spectra was illustrated in Figure 4 . It is found that the absorption spectrum is nearly insensitive to the change of the incident angle.
This can be explained in this way: for the TM polarization, the magnetic field of the incident light is always perpendicular to the incident plane with various incident angles and it can efficiently drive the circulating currents at large angles of incidence. Therefore, the absorption peak is nearly independent of the incident angle and it keeps more than 97% even at 40˚. In addition, the comparison of different metals is necessary in practical application. Firstly, metals can give rise to different absorption behaviors of the structures due to their different relative dielectric constants [6] . Secondly, the fabrication cost of metal is another important factor should be taken into consideration. Therefore, metals of silver, gold and aluminum are compared when we trying to obtain the reflectance dip Based on the above analysis, the structures made by gold and aluminum show better robustness than by silver. Regardless of the fabrication cost in practical, gold is the first choice. However, aluminum becomes an alternative for its low production cost.
Conclusion
In a summary, we propose and investigate metallic binary-groove gratings, which can achieve ultra-high absorption at C-band with silver, gold and aluminum and is nearly independent of the incident angle. As the most commonly used operating wavelength in optical communication, 1550 nm is captured more precisely by the gold gratings. Besides, the robustness of our structure is analyzed by calculating the error tolerance rate. At last, another application acting as a refractive index sensor is proposed and analyzed.
